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Figure 1: Illustration of kinematics, especially the azimuthal angles, for SIDIS in the target
rest frame [6]. P hT and ST are the transverse parts of P h and S with respect to the photon
momentum q = l − l′.

notation of [6], one has

dσ

dx dy dφS dz dφh dP 2
hT

∝
{

FUU,T + ε cos(2φh)F cos 2φh

UU

+ S‖ ε sin(2φh)F sin 2φh

UL + S‖ λe

√

1 − ε2 FLL

+ |S⊥|
[

sin(φh − φS)F sin(φh−φS)
UT,T + ε sin(φh + φS)F sin(φh+φS)

UT

+ ε sin(3φh − φS)F sin(3φh−φS)
UT

]

+ |S⊥|λe

√

1 − ε2 cos(φh − φS)F cos(φh−φS)
LT + . . .

}

. (8)

In Eq. (8), ε is the degree of longitudinal polarization of the virtual photon which can
be expressed through y [15, 6], S‖ denotes longitudinal target polarization, and λe is the
lepton helicity. The structure functions FX,Y (X,Y refer to the lepton and the nucleon,
respectively: U = unpolarized; L, T = longitudinally, transversely polarized) merely depend
on x, z, and PhT . By choosing specific polarization states and weighing with the appropriate
azimuthal dependence, one can extract each structure function in (8) as past experiments
have already unambiguously shown.

For TMD studies one is interested in the kinematical region defined by

PhT # ΛQCD $ Q , (9)

for which the structure functions can be written as certain convolutions of TMDs. In this
region, the components in Eq. (8) appear at leading order when expanding the cross section
in powers of 1/Q, while additional ones show up at subleading order [1, 15, 6, 16]. Measuring
the structure functions in Eq. (8) allows one to obtain information on all eight leading quark
TMDs. To be specific, one has (for a spinless final state hadron) [6, 16],

FUU ∼
∑

q

e2
q f q

1 ⊗ Dq
1 F cos(φ−φS)

LT ∼
∑

q

e2
q gq

1T ⊗ Dq
1 (10)

FLL ∼
∑

q

e2
q gq

1L ⊗ Dq
1 F sin(φ−φS)

UT ∼
∑

q

e2
q f⊥q

1T ⊗ Dq
1 (11)

F cos(2φ)
UU ∼

∑

q

e2
q h⊥q

1 ⊗ H⊥q
1 F sin(φ+φS)

UT ∼
∑

q

e2
q hq

1T ⊗ H⊥q
1 (12)
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